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Most physics instructors are motivated by a genuine interest in their subject area and in using physics to understand real world phenomena. While many premeds may share these interests, most are motivated by fulfilling their degree requirements and gaining admittance into medical school. To achieve this goal, they usually need excellent grades. In addition, they have to do well on the physical sciences section of the Medical College Admissions Test (MCAT) 1 . Only too often, both sides just give up, and courses come to some kind of unspoken agreement of how to go through the motions of the course with the least amount of mutual aggravation, while real physics falls by the wayside. But how exactly does this discrepancy manifest itself, and what -if anything other than giving up -can be done about it? In this paper, we first survey learner beliefs, expectations and preferences, and then attempt to point out approaches and resources that may partly address the identified issues.
Student Surveys
We administered two surveys in a calculus-based introductory physics class taught by the author with a majority of premedical students:
• the quantitative Maryland Physics Expectations Survey (MPEX) 2 , which has a number of statements that students are asked to rate on a Likert scale. The MPEX aims to explore students' expectations and beliefs about the nature of physics
• a course-specific survey that aims to explore student preferences about how the course should be taught. It includes both quantitative and qualitative elements
The MPEX was administered twice: once at the beginning and once at the end of the first semester of the course. The data does not include whether or not a respondent is pursuing a career in a medical field, but, since the majority of the students in the course are premeds, still provides some insights into how premeds view physics. In the first column of Table I , we show a selection of statements from the MPEX, and in its second column, whether the majority of an expert panel agreed or disagreed with those statements 2 . The next columns show the response distribution of the students in our course both on the pre-and the post-MPEX. A student response is considered favorable if it corresponds to the majority of the expert panel, and unfavorable if it states the opposite. A neutral answer is neither favorable nor unfavorable. For example, it is unfavorable to agree with the statement "All I learn from a derivation or proof of a formula is that the formula is valid and it is OK to use it in problems," since the majority of the expert panel disagreed.
These sample responses correspond well with the experience most any physics instructor would have made: a recipe rather than conceptual approach to physics, e.g., derivations are not seen as a way to connect concepts, but as a way to prove that a formula is true, and solving problems boils down to plug-and-chug. The pre-survey results would be less depressing if instruction had actually made a significant difference, but it apparently does not. Even worse, the responses to item 11 show that the number of students who believe that physics is relevant for their career goals decreased over the course of the semester.
The MPEX is usually not analyzed on a per-question base, but instead in question clusters, which address different student characteristics. In Table II , the percentage of favorable responses in the clusters is given for both the pre-and the post-test, as well as comparison data from a course with mostly engineering students at the University of Maryland 1 .
In our course of mostly premeds the view of physics is generally less expert-like than in the comparison course. The largest difference occurs in the perception of the role of mathematics in physics. The least difference occurs in the concept cluster, where the premedical students are actually doing slightly better than the engineering students on the post survey.
In the second survey on the last day of the course, students were asked to state their preferences for how the course should be taught. The survey included both quantitative (Likert scale) response items and qualitative (open ended free form) questions. Table III lists the quantitative items, which the students were asked to rank on a scale from 1 (strongly against) to 5 (strongly preferred). While trends are clearly visible for all items, the response distribution was so wide that only one option was not ranked within standard deviations of "neutral:" the preference of premedical students for medicine-related examples. As expected, non-premeds are less in favor of premed-specific items, but the error boundaries include neutral, which may be interpreted as not liking but tolerating these changes to the course
The qualitative analysis of the free-form responses was more revealing: the vast majority of premed students wrote that more examples from medicine and better MCAT preparation would have made the course more relevant to them.
Many premed students expressed an interest in medical imaging, followed by anatomical examples and more examples related to blood flow. It is interesting to note that these were exactly the areas in which examples were already given in lecture, giving rise to the assumption that, in most cases, the students did not see connections between physics and medicine other than the few already explicitly pointed out over the course of the year. The non-premeds stated that they could tolerate a fair amount of medical examples, and in fact, that it might be interesting to see such applications, as long as they do not take away from the physics they are learning, and as long as they do not become the focus of the course. The non-premeds however clearly and even somewhat aggressively stated that what they could not tolerate was MCAT preparation. The MCAT is clearly seen by non-premeds as a problem that the premeds have brought upon themselves.
Regarding the beliefs and expectations, the free-form responses also yielded differences between premeds and non-premeds. For example, the exams were open note, and premeds remarked that they "would have memorized the material more if the exams were not open note," indicating that memorization should be a goal of the course. Also, a call for "more examples with numbers instead of so many with only symbolic [representation]" was frequent among premeds, reflecting the belief that physics is about numbers. Finally, there were frequent remarks by the premeds that nothing should be derived, one time with the additional comment, "really, you have a Ph.D. I'll believe what you tell me" -suggesting, just like the MPEX responses, that the derivations are presented to prove that a formula is correct. None of these striking comments were found in the responses of non-premeds.
What is the root of the problem?
As the surveys are indicating, premedical students are approaching physics differently than, for example, engineering majors, and very differently than their instructors:
• The role of mathematics and formulas in physics. Here, the students appear to be unaware of their un-expert-like view of physics and instead criticize the style of instruction.
• The link to reality: the results of the MPEX indicate that over the course of the semester, the perceived relevance of physics actually decreases. The students are aware of this discrepancy and ask for more examples with medical topics.
Regarding the role of mathematics and formulas, the discrepancy is nicely described in an experience report about teaching physics to premeds by Nichparenko 3 : "Two conflicting needs arose for our physics course to fill. The dreaded MCAT looms above the students. Nearly all agree that rote memory of formulas is most valuable for whipping out multiple choice answers, about one per minute, to finish the test. Yet everyone who goes on to use physics, student or teacher, agrees that concepts outrank plug-in equations by a huge margin." In other words, students actually have to plug-and-chug in order to succeed on the MCAT. Interestingly enough the physics questions on the MCAT have no connection to medicine or even biology -instead, they are frequently of the standard a-mass-of-45-kg-is-accelerated-at-5-m/s 2 -type, which is regrettable, since student perceptions of physics are in general strongly influenced by the assessment tools 4 . In the same paper, Nichparenko reports how practicing physicians often expressed regret over not having learned more physics. Contrary to the student responses in the MPEX Reality Link Cluster, physics simply is relevant for a physician.
What can be done
The misperceptions regarding the role of mathematics and formulas are serious, but also hard to overcome. It is common for students to see formulas in a purely operational sense 5 , even among majors 6 , while lacking the ability to translate between the formulas and the situations 7 . This is particularly distressing, since indications exist that mathematical and conceptual understanding of physics are connected 8 .
The pre-and post-MPEX results showed that mathematically deriving physics principles and modeling good problem solving strategies in the classroom did little good in bringing about change -actually, quite the opposite, the students resented these efforts without seeing immediate advantage to them. What is important to an instructor needs to be reflected in the assessments that he or she uses 4 , and the author attributes the partial success in the MPEX Concept Cluster to already having replaced a fraction of the standard numerical answer problems by conceptual problems. The hope is that replacing even more of these textbook-style problems with problems that expect representation translation and symbolic answers will bring about improvements in the Math Link Cluster. The ideal way would be the introduction of hand-graded free-form assessments, but that approach is limited to a small number of assignments for large enrollment courses with little grading support. As a substitute, computer-graded homework with symbolic answers and an increased number of questions or follow-up questions of the type "What will happen if this doubles?" could be assigned.
Regarding the reality link, student perceptions actually worsened after instruction. Here, the importance of examples from the medical field is reflected in the student survey. There are a number of existing textbooks on the undergraduate level addressing the connection between physics and medicine or life science. These are not necessarily intended to be used as textbook for the course, but as reference for the instructor:
Introductory Texts:
• Joseph Kane and Morton M. Sternheim, General Physics (formerly Life Science Physics) 9 : this is a complete textbook incorporating examples such as nerve conduction, MRIs, radiation in medicine, EKG, etc. It is very well written and otherwise takes a standard approach to teaching introductory physics with an appropriate topic selection.
• Jerry Marion, General Physics with Bioscience Essays 10 : similar to Kane and Sternheim, a standard introductory textbook. Twenty-seven essays on biological and medical topics are embedded into the chapters, each of which providing some contextual problems.
Advanced Texts:
• George Benedek and Felix Villars, Physics with Illustrative Examples from Medicine and Biology 11 : this series is a comprehensive treatment of the physics involved in biological processes and medicine, but not an introductory physics book that can be used in a nonmajors course. The series is very mathematical and fun to read for a physicist, but definitely not suited as a textbook for students in introductory courses.
• Russell Hobbie, Intermediate Physics for Medicine and Biology 12 : this is an authoritative textbook, less mathematically oriented than Benedek and Villars, but also not intended to be used in an introductory course. It provides a wide range of application examples.
Supplemental Material:
• Paul Davidovits, Physics in Biology and Medicine (Complementary Science) 13 : this booklet offers short reviews of some basic physics concepts, approximately 70 applications in biology and medicine, and related homework problems. Though the level is somewhat below that of a calculus-based introductory physics course, instructors might still find value in requiring this booklet for their students.
In order to give an idea of the scope of topics in these texts, as well as additional topics identified by Hobbie 14, 15 , Table IV has been included.
Conclusion
The disconnect between physics teachers and their premed students has its roots in different expectations. Where instructors seek to impart concepts from which students can draw understanding, premeds hold a mostly non-expert-like view of what physics is about. Instead, they are motivated by their need to perform on standardized tests with mostly formula-driven numerical problems, and by the need to get a very good grade in a course that seems foreign and unintuitive to them. The results of the surveys would seem to recommend frequent examples of medical topics in premed courses, in addition to grade-relevant assessment in the course focusing more on conceptual solutions and problem solving strategy. The real diplomacy would be in convincing the students that there are hardly any textbook problems with numerical solutions in real life, and that physicians need a deeper level of understanding of physics. The results also appear to indicate that in mixed courses, non-premeds are likely going to tolerate examples from medicine, but definitely will not tolerate turning introductory physics courses into MCAT preparation courses. 
